INTRODUCTION
The massive East Japan Earthquake and tsunami that hit the Pacific Ocean side of northeastern Japan on March 11, 2011 caused extensive damage to the Fukushima Daiichi Nuclear Power Plant (FDNPP). The FDNPP accident resulted in the widespread release of large amounts of 134 Cs (half-life: 2.06 y) and 137 Cs (half-life: 30.2 y) into the atmosphere, both of which were deposited over extensive ocean and land areas in eastern Japan (e.g., Hirose, 2012; Momoshima et al., 2012; Oura and Ebihara, 2012; Sakaguchi et al., 2012) . Analysis of immediate and continuous records of these radionuclides in the marine environment following the FDNPP accident are particularly important for obtaining knowledge of initial input of 134 Cs and 137 Cs because their concentrations in seawater are strongly affected by physical processes such as advection Culture, Sports, Science and Technology in Japan (MEXT), 2011) to more accurately clarify the delivery and transport patterns of radiocesium around Japan.
SAMPLES AND EXPERIMENTAL PROCEDURES
The locations of the seawater sample sites used in the present study are shown in Fig. 1 . Surface water samples were collected near Japan on three expeditions; the Oshoro Maru in June 2011, and the Asuka-II and Mizuho Maru in October 2011. Forty-four samples were collected onboard the Oshoro Maru (OS11 samples), and 22 each were obtained from the Asuka-II (AS11 samples) and Mizuho Maru (MZ11 samples) voyages. To compare these data with pre-Fukushima accident values, we used 33 surface water samples (SY samples) collected near Japan during the Soyo Maru expeditions (July-August 2009 and 2010) . We examined the fine temporal variations in 134 Cs and 137 Cs concentrations through a comparison of 29 coastal water samples collected from the Pacific Ocean side of Japan (OM, IZ, MY, and TN samples) and from the Tsugaru Strait (OH samples) between May 2011 and February 2012. 134 Cs and 137 Cs concentrations in the OS11, OH, SY (s1-s24), and TN (1106-2) and MY (1106-2) samples were reported in previous studies (Inoue et al., 2012a, b) . All water samples were unfiltered.
Detailed explanations of the γ-spectrometry procedures are described elsewhere (Inoue et al., 2012b) .
Briefly, 134 Cs and 137 Cs were quantitatively separated by coprecipitation with ammonium phosphomolybdate (AMP)/Cs, by adding 0.52 g of CsCl and 8.0 g of AMP to an 18-21 L aliquot of water. Low-background γ-spectrometry was performed on the AMP sample using Ge-detectors at the Ogoya Underground Laboratory in Longitude ( Japan (Hamajima and Komura, 2004) . The precision of the analyses, based on a standard deviation of counting statistics, was 5-20% for 134 Cs and 3-10% for 137 Cs. In addition, the 134 Cs concentration was corrected for cascade summing (21-27%).
RESULTS AND DISCUSSION
Eastern East China Sea, Japan Sea, Southwestern Okhotsk Sea γ-spectrometry results for the seawater samples are shown in Table 1 . The lateral profiles of 134 Cs deposition on Honshu Island along the Japan Sea side, in addition to 134 Cs and 137 Cs concentrations of the surface waters of the Japan Sea, are presented in Fig. 2 (Inoue et al., 2012a) . The highest observed 137 Cs deposition area (500-1000 MBq/km 2 ) expanded further westward (~250 km) from Akita on the Japan Sea side (March-April 2011) (Yasunari et al., 2011) . In the Japan Basin (site SY07; N41°02′, E138°10′) in July 2007, the concentration of 7 Be, a short-lived nuclide (half-life: 53.3 d) deposited to the sea surface from the atmosphere, exhibited a steep decrease from 20 m to 50 m depths (8.5 mBq/L at 5 m depth, 9.3 mBq/L at 10 m depth, and 0.7 mBq/L at 50 m depth for dissolved fraction; n.d. for particle fraction (>0.5 µm)) (unpublished data of our lab). Assuming that the distribution of 134 Cs from the ocean surface to a depth of 50 m was vertically homogenous as a maximum depth and that the deposition value on transects D-F was approximately equal to that for Akita in April 2011 (130 MBq/km 2 ), the 134 Cs concentration in water shallower adjacent offshore and coastal areas (Yasunari et al., 2011; Inoue et al., 2012a) . In October 2011, the 134 Cs and 137 Cs concentrations in water samples collected along Honshu Island (AS11-h to -o) were similar to pre-Fukushima accident levels. On the Honshu side of the Japan Sea, the proximately 150-300 km northward from the high deposition area of Akita (transect C) to Aomori and Sapporo (transects D-F), although these nuclide concentrations on Honshu Island along the Japan Sea side may not directly reflect the amounts of radiocesium deposited over the Inoue et al. (2012a, b) . Table 1 . (continued) northeastward flowing Tsushima Warm Current (TWC) exhibits major features of the flow patterns of surface currents after passing through the Tsushima Strait, particularly in spring-summer (Hase et al., 1999) . The shift in the peak area of 134 Cs and 137 Cs concentrations in the surface waters appears to be related to the advective transport of contaminated water and exchange with noncontaminated TWC water flowing through the Tsushima Strait. Interestingly, a small amount of 134 Cs (0.2 mBq/ L) was detected in the AS11-g surface water sample collected near western of Hokkaido (Fig. 2b) .
The surface waters of the southwestern Okhotsk Sea generally exhibit lower 137 Cs concentrations than those of the Japan Sea, which reflects considerable mixing between the 137 Cs-poor East Sakhalin Current water, that flows along the east coast of Sakhalin Island and the 137 Csrich Soya Warm Current water from the Japan Sea (Takizawa, 1982; Inoue et al., 2012c) . The mean 137 Cs concentration in the water samples along line G was markedly higher than that observed in SY09 water samples collected in August 2009; 134 Cs was also detected (~0.6 mBq/L) (Figs. 2b and c) . While the 134 Cs and 137 Cs concentrations in the AS11-h sample collected from the Okhotsk Sea side of Japan in October 2011 were higher than those from the Japan Sea side (AS11-g), those of the AS11-h sample showed lower concentrations than those obtained in July 2011 (OS11-G samples). were also comparable to pre-Fukushima accident levels (SY10s25-s33).
Pacific Ocean side
The lateral profiles of 134 Cs deposited along the Pacific side of Honshu (MEXT, 2011) and the 134 Cs and 137 Cs concentrations in the surface waters of the Pacific Ocean are presented in Fig. 3 . The cumulative deposition of 134 Cs along the Pacific side of Honshu showed a markedly wide variation below the detection limit with a total of 3.3 × 10 6 MBq/km 2 for March-May 2011; a significant peak occurred at Fukushima (Fig. 3a) .
137 Cs concentrations in coastal waters near Fukushima were very high but decreased from 100 to 10 mBq/L through mixing as they were transported eastward and further offshore (Tsumune et al., 2012; Honda et al., 2012) .
Temporal variations in 134 Cs and 137 Cs concentrations in the OM and IZ water samples are presented in Fig. 4 . 137 Cs concentrations in the OM samples ranged from 1.5 to 4.6 mBq/L, which was 1-3 times higher than 1.3-1.5 mBq/L of the pre-Fukushima accident levels at the same sampling site when salinity >32 (Inoue et al., 2007) . In December 2011, however, the 134 Cs concentration at this site was below the detection limit at <~0.1 mBq/L under present analytical conditions. Kuroshio water moving northeastward along Honshu Island is dominant at site OM. Thus, the surface waters at this site may have gradu- (MEXT, 2011) and b) 134 Cs and c) 137 Cs concentrations in surface waters of the Japan Sea and the southwestern Okhotsk Sea.
134 Cs and 137 Cs concentrations in OS11 and SY water samples were previously reported (Inoue et al., 2012a, c (Fig. 4) , and OH in October 2011, these concentrations in TN and MY waters obtained in October were slightly and several times higher than the June 2011 values (Figs. 3b and c) , respectively. This observation implies that radiocesiumcontaminated water flowing past the FDNPP mixed with water from the TN and MY sites.
SUMMARY
A total of 150 surface seawater samples were collected near the Japanese Archipelago in June and October 2011 to determined 134 Cs and 137 Cs concentrations in surface waters. In June 2011 along the Japan Sea side, peak surface concentrations of 134 Cs (~1 mBq/L) and 137 Cs (~2.5 mBq/L) shifted ~150-300 northward from the high deposition area toward the Tsugaru Strait and the western side of Hokkaido. In October 2011, 134 Cs was detected only in the surface waters on the western side of Hokkaido. In addition, the concentrations of 134 Cs were less than those observed in June 2011. The variations in spatial distributions of the 134 Cs and 137 Cs concentrations in surface waters can be attributed to lateral transport by the TWC water following the deposition of radioactive aerosols. At sites ~300 km southwest of the FDNPP on the Pacific Ocean side of the Japanese Archipelago and the Tsugaru Strait, low concentrations of 134 Cs (~0.1-0.2 mBq/L) were detected in surface waters with concentrations reaching pre-Fukushima accident levels by the end of 2011.
